What is the prospect for migrating scholarly journals from paper to digital formats in a way that lowers university expenditures? Although many journals are published digitally, at least so far, the digital format complements paper, increasing university expenditures. Open-access publications that are free to readers and financed by publication fees paid by authors and their agents may both lower costs and allow scholarship to reach a larger audience. However, gains to universities may depend on open-access being qualityassured and controlled by not-for-profit publishers. Potential savings for a typical US research library might be on the order of $2.3 million per year even as the same level of effort goes to reviewing and editing published articles as at present. To launch the initiative, provosts might adopt policies to support publication fees and not-for-profit publishers might invest in start up funds for editing and marketing open-access journals. 
1

Open-Access Scholarly Publishing
In Economic Perspectives 1 Paper is increasingly unsatisfactory for distributing scholarly publications. Cost has been rising rapidly and the paper format is inconvenient relative to the best quality that digital formats can deliver. Production of journals is increasingly concentrated among a few publishers who exploit their market position by charging high prices. The digital world offers promise of being both more effective for scholars and offering lower cost for universities. The move to digital distribution might also allow reorganizing ownership to limit the perverse consequences of market power. To find a pathway into the digital arena that will achieve these goals is a challenge.
We will describe the cost of conventional modes of journal publication and of digital formats with the goal of evaluating economic prospects for digital publishing regimes.
The traditional financial model in academic journal publishing depends primarily on subscription fees from libraries and readers supplemented by submission fees and page charges paid by authors. Some digital publishers use a similar model with subscription fees as the primary method of finance for electronic journals with little or no savings in library operation. An alternative is open-access with publication costs borne by authors and their institutions through submission and page charges and distribution by the Internet at no cost to readers.
We conclude that substantial cost savings to universities are possible with open-access distribution of quality-assured journals by not-for-profit publishers whose rates reflect cost rather than each university's ability to pay. Open-access to quality-assured materials via the Internet will increase the use of the materials and expand the influence of scholarship worldwide.
Fundamentals
Thinking about how to reorganize scholarly publishing requires an understanding of three fundamental issues.
Substitutes or Complements
First, digital and paper publishing might be substitutes or complements. If a fall in the price of digital publications causes a decline in the purchase of paper publications, the two are substitutes. Conversely, if a fall in the price of digital publications causes an increase in the purchase of paper publications, the two are complements. Whether the two are substitutes or complements (or unrelated) reflects the behavior of users; that scholarship is distributed digitally is not sufficient to conclude that it substitutes for paper. The National Academy Press posted the full-text of all its books online and saw the sale of print copies increase, a clear indication that its digital and print products were complements. (Tenant, 2001) 2 A number of publishers present digital versions of journals as ancillaries to print as though they would only be complements. Obviously, print and digital may interact in many ways. If, however, the growth of digital publication is to lower costs, then the digital publications must act as substitutes for print.
Recipient or Sender Payment
Second, the cost of publication could be charged to either buyers or sellers. The choice will make a difference in the cost and quality of service. In the early days of the Republic, the US Post Office charged recipients for the cost of mail; mail was free to senders. After the introduction of postage stamps in 1847, the Post Office moved in 1855
to require senders to pay. [Reebel, 2003; Fuller, 1972] The "recipient pays" system allowed senders to post many items that recipients rejected. Although the Post Office incurred all the cost of delivery, it received no revenue on unaccepted items. The "senderpays" system, primarily with pre-purchased stamps, lowered the cost of the mail service and eased the delivery of the mail. An important technical change may allow significant gains by shifting responsibility for transactions costs from recipients to senders (or vice versa).
In the publishing arena, recipients are now the primary source of finance for publication.
Readers and their libraries pay subscription fees that carry the cost of preparing and sending the material. By analogy to the change in postal finance of 1855, primary responsibility for the cost of publication could be shifted to senders, that is, to authors and their agents. The marginal cost of digital delivery drops from a considerable amount, about $0.02 per page with print by one estimate, to nil with an open-access digital service. [Bergstrom, 2001] With a shift to digital delivery, readers and authors may be better off with financial responsibility reassigned to authors. The shift, however, involves assigning financial responsibility for editing and quality to authors and their agents and these costs may continue to be substantial.
Packaging and Bundling
A third issue is a concern for the size of the packages. Books, particularly monographs, are generally created and sold as freestanding items such that readers and their libraries may make decisions to purchase title by title. Journals are larger packages of articles, generally purchased on a continuing basis by subscription on the reputation of the editors.
In the digital arena, integrators combine the full-text files of the contents from many journals into much larger packages. Readers may search the full-text files to identify articles of interest and scan many items more quickly than with print. The cost of library operations to select and process materials is lower per item when materials come in larger packages. With a digital archive, a reader could select a custom set of items to print and bind for a personal use. There are, however, other implications of packaging.
Here are three motives for larger packages. First, there may be cost savings called economies of scope. [Pindyck and Rubinfeld, 1998 pp. 226-29] There may be fixed costs in creating an integrated database that may be shared more widely the larger the database.
There may be advantages in marketing many journal titles in a given broad discipline that
give lower marketing costs per title with more titles. Publishers with larger scope may have cost advantages that allow delivering a superior service at lower cost per essay.
Second, larger packages may have advantages for the seller and intermediaries in allowing pricing strategies that extract more revenue from readers and their agents. With a larger suite of products, the seller may offer a bundle of materials at a high fixed price on an all-or-nothing basis. Bundle pricing allows the seller to extract more profit from its customers than could be achieved if each individual journal were individually priced.
Bundle pricing may come closer than individual pricing in confronting each customer with the maximum amount he or she is willing to pay. [Pindyck and Rubinfeld, 1998, pp. 397-409] Bundle pricing allows publishers to charge much more for their products than they could earn by selling each individually.
Third, a publisher may flood a market space with titles. If existing journals cover the intellectual universe sparsely, new journals may enter in the interstices. To limit such entry, a publisher might introduce journals focused on narrow segments with the goal of occupying every niche much as Kellogg seeks to cover the spectrum of varieties among breakfast cereals. As journals gain reputation with time, the publisher who enters first gains a long-term advantage, ultimately allowing higher prices and profits.
The discussion here focuses on journals rather than books for reasons associated with the three fundamentals. A) Full-text integrated files of many monographs appear to be complements to print, as with the National Academy Press, leaving little possibility for cost saving from digital distribution. B) Books as paper objects remain a popular method for acquiring book-length ideas. A shift to author-finance for books would make it more difficult to get books into the hands of people who want them because the cost of supplying a printed book to each reader remains significant. C) The cost-pressure on books is much less than with journals because bundle pricing is less effective for books.
Buyers of journals, particularly libraries, lock into a journal subscription, giving the publisher power to raise prices once reputations are established.
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In some respects, the transition from paper to digital is well along, but how far the transition will go is unclear. Many reference works are more effective in digital format than paper. Indeed, print formats of a number of reference works have disappeared.
Publishers seem to abandon paper when print runs drop below 1,000. On the other hand, paper remains the dominant form for monographs. In between lies the academic journal, the largest category of material expense in large academic libraries. The degree to which digital journals will substitute for print remains an active question. Moreover, whether such a transformation would lower total expenditures for universities is also an open question. effort in processing and storing journals are additional costs described below.
The Publishing Universe
The electronic availability of journals grew as an ancillary to print and typically has been a complement rather than a substitute for paper. Electronic access often came for a modest additional price to a print subscription with little, if any, saving offered to libraries that chose an electronic version to replace print. Although a few non-academic publications have abandoned paper in favor of digital distribution, for example, Byte, such conversion is rare among academic publications.
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Integrators
Electronic access to conventional journals frequently comes through integrators, firms that create full-text databases of many journals, often from many publishers, to allow searching across the full-content space. Ingenta, founded in 1998, offers search of the full-text of the content of 6,000+ journals from 250+ publishers. (Ingenta, 2004) Although the search is without charge, access to individual articles themselves may come at a price set by the journal publisher. Some publishers provide free access, some provide 8 A random sample of 25 titles selected from Ulrich's list of 619 journals showed 5 with fees, 15 that showed free access, and 5 that did not report information about fees. [LexisNexis], now with 3.3 billion documents online, is a special case of an integrator that succeeded in selling access primarily to documents in the public domain, specifically case and statutory law. For Lexis, most of the value is in the online integration and delivery of legal documents. Of course, the database has grown far beyond the public domain legal records. Nevertheless, Lexis does illustrate that online integration has significant value apart from the copyright of underlying documents. Lexis is a significant substitute for print for many lawyers.
Pre-print Services
The physics, mathematics, and computer science communities developed an on-line selfarchive of essays, usually at the preprint or working-paper stage; that is, the archive accepts unreviewed essays. Paul Ginsparg launched the service in 1991 known now as arXiv. [Ginsparg, 2001] Although Ginsparg originally conceived of the service as a method of extending the research community to remote campuses for both authors and readers, its success and low cost have led him and others to advocate it as a substitute for paper distribution. An issue for self-archiving is whether journal publishers will be willing to publish essays that have been made available free to all on the Internet by self-archiving. If digital self-archiving complements refereed journal publication, journal publishers might welcome selfarchiving. If digital self-archiving is a substitute for journal publication, then publishers will refuse to publish material that is already self-archived. [Rehmann, 2003] 14 Even notfor-profit publishers will protect their revenues so that they can finance their editorial and quality control functions.
Whether the arXiv service has become a substitute for conventional print publication in the disciplines it serves is an open question. A recent survey of journal prices in mathematics suggests that the price differential between non-profit publishers and commercial, especially European publishers in mathematics remains quite high. [Harnad, 2003] reports the growth of self-archiving with 185 institutions participating as of 2003.
Ultimately, the question as to whether electronic publications substitute for paper is a question of behavior, not of technological possibility. To explore the potential more fully, we explore the cost structures and markets for publishing more carefully.
Paper Publishing
Universities bear three categories of cost in supporting publication by paper.
A) They support the publishers by paying library subscriptions fees. B) They support the cost of the library operations that buy, process, store, and retrieve the paper products. C) They support the cost of indices, usually through subscriptions, that provide the ability to search a database to find citations to material for a project at hand. The $5,370,000 expenditure on subscription fees in an average large library paid for the publishers' costs of editing, producing, and distributing the journals. As discussed below, perhaps a quarter or more of serial publishing costs may be for printing and distribution with two-thirds or less of costs going to selecting, editing, and designing/typesetting the first copy. Some of the cost is also related to billing and managing subscriber lists. old print journals to compact, remote storage at low cost when they are, say, 14 years old.
The present value of the perpetual storage of an annual volume might be $15. The libraries also manage the stacks with reshelving and search for misshelved items, costs not taken into account here. We put the total cost to US ARL libraries of processing and storing 21,000 serials per library at a conservative $1.11 million per year.
A rough estimate of the total cost to the 100 research universities in the US in 2002 of maintaining the academic serial publishing enterprise is likely to be in excess of $537 million in subscriptions plus $111 million in library capital and operations equals $648 million. With traditional paper-based publication, indices are published separately on a subscription basis in paper with costs included in the serials budget described above.
Indexing
Often now, the indices provide electronic access to a cumulative access to the literature of a discipline from a starting date for the electronic file with no print version offered.
The cost to produce a conventional index may vary upward from $30 per item depending on the character of the indexing. 21 ECONLit indexes about 35,000 items per year at a cost of about $30 per item, using a limited set of subject headings. 
Digital Subscriptions
Consider a digital alternative to print that might cost $20 per article, once for all on the whole Internet, and therefore $1,860 per journal title (with 93 articles per title) per year.
All 21,000 current academic journals would then cost about $40 million if digitally captured and stored once-for-all with distribution by subscription. Each library might continue to choose 10,000 academic journal titles but the cost of distribution is mostly unrelated to the number of libraries or scholars using a digital title. If 2,000 libraries subscribe to the service worldwide, the cost per library to deliver all 21,000 titles would be about $20,000 per library.
The $20 per article amount is in excess of the $5 per article cost claimed for Paul Ginsparg's digital preprints service in physics. Ginsparg's service requires authors to submit work in a standard digital format and provides full word searching. Somewhat higher costs may be incurred in handling a more heterogeneous set of materials on a larger scale that allows simple use and permanent archiving. The $20 figure is not a specific technical proposal but simply recognition that expansion will add complexity.
Low cost per article depends critically on complete (and large scale) automation to spread fixed costs widely.
The American Economic Association pays Ingenta about $10,000 per journal to make its current journals available to members on the Internet. That amounts to more than $100 per article. The Ingenta service provides online Internet access to members without charge. The Association also provides campus licenses for online access to current journals for a fee in addition to print subscription. Ingenta sells access to individual articles from AEA journals for $11 each. Evidently the commercial rate for web-hosting a journal is well above the costs cited by Ginsparg. Web hosting is a competitive market with both for-profit and not-for-profit participants. Ingenta adds automatic links to references in articles and provides searching over many journals as explained below.
The American Economic Association's three print journals embody high selection and production values. About three-fourths of its costs are "first copy" costs, that is the cost of selecting, editing, designing, and typesetting its journals. It would save no more than 20 percent of its costs if paper were eliminated and digital distribution cost nothing. Its first copy costs include about $220,000 per journal for paid editors and reviewers. It has additional costs for copy-editing and typesetting. Its cost of billing and maintaining lists of members and subscribers is about ten percent of its costs. [Siegfried, 2003 ] The Association holds an annual meeting and provides other services that also use the headquarters accounting and mailing list functions. The ten percent cost is an upper bound.
In contrast to the AEA, some publishers may produce journals for smaller markets with volunteer editors and reviewers and expect authors to present an electronic file in a specific format that will generate the article without editing or typesetting. For such journals, first-copy costs should be low. The cost of distribution in paper might be fifty percent or more of total cost. Educational Researcher by the American Educational Research Association is an example with free web access to PDF files of articles, printed copies to Association members with annual membership fee of $45, and library subscription of $61 per year. 24 We do not have detailed cost information from a low 24 The purpose of the publication with links to the PDF files through an online The categories of the breakdown will be useful in thinking about a change to digital. The goal here is to indicate how the structure of cost might change with several possible changes to be discussed below.
The average US ARL library subscribes to about 21,381 serials but many of these are not refereed academic journals. We assume that 11,381 serials are either annuals, not periodic, or are not academic journals (e.g. Consumer Reports). Table 1 assigns $1.68 million for an average research library to the purchase of this set and assumes no change in their acquisition or pricing. An analysis of a move to digital format for them is beyond the present inquiry. Of the 10,000 academic journals in an average set found in a large library, we assume that 2,400 are high-priced European commercial journals and assume that these publishers earn $1.29 million in profit over and above the cost of producing and distributing their journals. The total cost of creating the first copy for all the journals might be $1.84 million per research library. The total cost of distribution in print might be $320,000 per library. The cost of accounting and managing mail lists for individual journals may be no more than $240,000 per library.
By shifting all 10,000 current academic journals from paper to digital while leaving the core selection, editing, and first-copy production values, the average US ARL library might save $300,000 annual savings in subscription costs and $150,000 in library storage costs for a total of $450,000 at an average US ARL library. 25 These savings arise from [Ulrich's Periodical Directory] with membership fees given on the AERA member website. I don't have accounting information to identify a cost breakdown. The number in the text is a rough estimate. 25 [Schonfeld, 2004] provides an estimate of the change in library operating costs of a shift from paper to digital subscriptions for four larger ARL libraries: Cornell, NYU, shifting from paper to digital subscriptions, not from moving to open-access as discussed next. The discussion of market forces below makes clear that universities might not receive the benefit of such cost savings.
Beyond the Research Libraries
We figure 1 of the essay), the average research library would save $400,000 in non-subscription cost annually. Not all of the periodicals are necessarily peer-reviewed academic titles; some may be popular magazines and other non-scholarly titles. The estimate for these four libraries is similar to that assumed here. 26 [Bergstrom, 2001] reports Econometrica with 2,400 library and 2,900 individual subscriptions and Review of Economic Studies with 2,000 library and 850 individual subscriptions.
Digital Indexing
Digital publication allows dramatic improvements in indexing. Digital files may be searched by individual words and phrases, allowing readers to find relevant materials by means in addition to standard subject headings and the words that appear in a title or abstract. The power of digital indexing increases when the contents of many journals are combined into a large, cumulative database that allows readers to find material across many journal titles that are relevant to a task at hand. To be more powerful, an index must be more comprehensive of works in a given arena.
There are economies of scope in electronic journal publishing in building a full-text electronic file that spans many journal titles in a given discipline. At the same time, an index with more refined search tools, the ability to establish relevance in subtle ways, may also have a significant advantage.
The dominance of Google for Internet search illustrates the point. Part of Google's success comes from the method it uses to assign priority to items it returns from its search. It counts how many links extend from one web page to another and assumes that a webpage that is more frequently linked to other sites is more valuable. The analog for a more powerful search tool for an academic literature might take advantage of the references in one document to other documents. If all references were coded uniquely to the sources, a Google-like search engine applied to the full-text database of a large academic literature could count links to references and thereby be more likely to retrieve the most relevant items. For example, the Web of Science takes account of reference links in its search.
Successful digital publishers of academic journals seem likely to want to join indexing structures with comprehensive full-text searching over a discipline with refined Googlelike search tools that winnow irrelevant citations from a response to a search request. The transformation of indexing by agglomerating many titles is a significant advantage to digital publishing.
There would be a considerable cost in establishing a system to associate unique identifiers with each reference in every article so that a digital search engine could use them in setting priorities for retrieval. In effect, a scholarly database might need to require a stable URL or the equivalent for every reference. 
Perpetual Archive
The digital format poses a bigger challenge than print as a format for the perpetual archiving of materials. Once a library owns a printed object, it may keep it in perpetuity.
With acid free paper, sound binding, and good climate control, paper-based books may last for centuries. In contrast, the digital format raises both technical and ownership issues.
For a digital file to be useful over the centuries, it will have to be periodically refreshed by being copied to new media from time to time because the media for storing digital information is more volatile than paper. More importantly, data may need to be reformatted to migrate to newer software environments. Digital files should be able to survive by being stored many redundant times. Indeed, the mirroring of services at multiple locations used by arXiv suggests a direction for both high reliability and long durability, presuming that each active mirror site maintains recent copies of data in off- 
Open-Access
Open Financing journals by publication fees rather than subscription would concentrate the cost on institutions that produce the articles and shift burdens away from institutions with 28 [Economics Bulletin] (EB) reviews essays in less than eight weeks, and posts approved essays immediately. Economics Bulletin accepts only essays of seven or fewer pages and is designed to compete directly with Economics Letters, a journal from Elsevier that charges libraries over $1,400 per year. EB reports an average editorial lag of 31.5 days from submission until refereed decision on publication. EB plans to charge a $20 submission fee to authors but to allow all readers access free of charge. EB began in 2001 and won't charge fees until it reaches a critical mass of published work sufficient to attract more authors. See also [Bergstrom, 2001] . (The Journal of Economic Perspectives spent $0.7 M to publish 55 articles and features, a cost per article and feature of $13,000. [Siegfried, 2003; Krueger, 2003 ]) The AER received 990 submissions in 2002 with a $75 submission fee that yielded nearly $75,000.
Setting aside 20 percent of the AER budget for paper distribution would save $280,000 gross. Add $2,000 for digital distribution of 100 articles yields a net saving of $278,000
for the title annually. 31 A publication fee in excess of $12,000 per article would be needed to sustain the selection, editing, and production values of the AER, assuming that the flow of articles would be at the same rate. The AER has a circulation in excess of 23,000
and so it achieves substantial economies of scale in paper distribution. For this reason, its [Harnad, 2003] A high-circulation academic journal like the AER has high paper distribution costs in the aggregate, however, it also has high first copy costs. A low circulation journal, say one sold primarily to libraries, would have lower paper distribution costs in the aggregate but also might have lower first copy costs because it might put less effort to selection, editing, and production. Bergstrom describes the basic cost structure of a not-for-profit journal. Although this scheme might be useful for a transition period, it is unlikely to be an enduring feature of the publishing world.
Print-on-Demand
The open-access model could offer printing on demand for an extra fee as an alternative to local printing by readers. Readers who wanted higher quality, bound paper copies could subscribe at an extra fee to a print service that would supply softbound paper The economics of printing involve high fixed costs in order to achieve low variable cost.
To achieve the high volume needed to spread the fixed costs widely, a publisher packages whole issues of a journal for printing. Suppose that the advantages of high volume cut the cost of printing in half. (The exact proportion depends on the size of the print run.) If a typical reader finds less than half of a journal of sufficient interest to print, personal printing will involve lower outlay than the publisher's high volume printing service.
When the size of a print run for a given item drops below 1,000 copies, conventional 33 [Xlibris] is an on demand book publisher. For as little as $500, an author may turn a manuscript into an online file for printing on demand at Xlibris. Xlibris sells print on demand paper titles of about 300 pages for about $20 plus shipping. That comes to $0.067 per page plus shipping. Delivery may take several weeks. 
A Comparison of Open-Access Costs to Subscriptions
To compare the cost of a publication fee system to the conventional subscription fee Table 1 .)
The 100 research universities average 1,460 teaching faculty members for a total of 146,000 overall [Association of Research Libraries, 2003] . If each published 0.65 academic journal articles per year, the total number of new articles would be 95,000, roughly five percent of the world's total. With a publication fee of $1,500, the total cost of the publication fee system would be $1.42 million for a typical research university, a savings of $2.77 million per research university.
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This analysis suggests that the cost of the US Association of Research Library universities of a publication fee system would be about 34 percent less than the subscription fee system, assuming a $1,500 publication charge replaced the $240 average subscription charge and library processing and storage costs. If open-access publication yields double the citation rates, then the publication fee system could cut the cost per citation by two-thirds. Faculty in the most highly ranked quartile of PhD programs in a field generally have publication rates that are about 50 percent higher than the average of a faculty in all PhD programs. 36 Except for top programs in a few fields, for example chemistry, publications per faculty member per year are in ranges where a publication fee system would be lower in financial outlay for universities than the subscription system at rates assumed here. By tying the size of publication fee to the citation impact of the open-35 [Goldberger, 19995] Tables K to N. This National Research Council study reports the number of publications per faculty member, 1988 to1992, by field in departments offering PhD programs. The average overall programs in ten large selected fields in science and engineering is 1.31 publications per faculty member per year. (The average is over programs unweighted by number of faculty.) The average number of publications per faculty member in four large selected social science fields is 0.50. The study does not report publications per faculty member in the arts and humanities. It does, however, report 0.14 publications per faculty member per year in history. Using the history rate for all of humanities and weigh science, social science, and humanities at one-third each gives a rate of 0.65 publications per faculty member.
36 [Goldberger, 19995] Tables K to N report publication rates by program and by quartile within fields. A technical university with a disproportionate number of science and engineering faculty would have a higher average rate of publications per faculty member but would also likely be paying higher subscription rates for journals. A more detailed analysis would be needed to make an estimate of the change in cost for individual universities.
access publication, a university can assure itself that payment of publication fees are increasing the exposure of its faculty's work to a wide audience.
Digital Tools for Selection, Editing, and Production
There is a further question as to whether a shift to digital distribution might lower the first copy costs. Might a digital standard for article submission create an on-line database of works in progress that editors and reviewers might access with appropriate security? The database would need to control versions so that revised essays replace each earlier draft.
The database might also authenticate authors and establish ownership of intellectual property.
The standard submission format might feed a copy-editing and production process so that the marginal costs drop. Could the fixed costs of the development of the standards and of the "editor's database" software lower marginal costs? Might there be economies of scope such that a single publisher might produce many journal titles at lower costs for the first-copy for each? We assume that the concept of journals as lists of articles selected in a coherent way by an identifiable editorial group will continue to be useful. Labels are valuable even if the physical distribution of page images for a whole literature comes from a common database.
How would journal editors be compensated? Although some editors are volunteers, many talented potential editors find little reward in editing and turn down offers of editorships even when the positions pay well. Quality editing, the effort to weigh carefully proposed articles and to manage a review process that may involve many referees, has value. Whether readers or authors are the primary source of finance, many capable editors require significant economic incentives.
If the economies of scope from an editor's database were substantial, journal publication would become concentrated among a small number of publishers, each with a significant fixed investment in database production tools that would allow low incremental first-copy costs for each journal in its suite. On the whole, however, a digital submission and production process seems likely to entail modest savings in first-copy costs. Selection of articles, editing them for publication, and designing effective publications takes skill.
Higher quality comes at a significant price, regardless of the media. This is an issue needing exploration. We assume no savings in first copy costs in table 1.
Of course, consolidation of publishing has implications for the character of the market for journals.
Market Forces
Market power, the ability to charge a price that exceeds costs, arises in several ways in scholarly publishing. Publishers with significant market power may charge a library according to the library's ability to pay with price bearing no relationship to cost.
Market power arises because each journal is unique, has a reputation that accumulates over time, and has a coherent editorial focus. The consolidation of many journal titles in the hands of a few publishers creates market power that can allow such publishers to earn extraordinary profits. The cost of entry of new publishers may be higher because of the need to incur the expense of the software to address first-copy production. Market power, that is already substantial among large-scale publishers, might then be quite durable.
Although some participants believe that universities would be able to retain a nonexclusive right to distribute the copyrighted works of their faculty, the faculty are likely to prefer to assign full copyright to a publisher in order to publish in more prestigious journals. What dean could advise an assistant professor to publish in a less prestigious journal in order for the university to retain a non-exclusive right to distribute the essay in an open-access archive or deny an editor an opportunity to publish in his or her own journal? Journals have market power in direct proportion to the strength of their reputations.
The significant cost savings from a shift from paper to digital might well come from reorganizing publishing under not-for-profit auspices. Bergstrom cites an average annual subscription fee for ten commercial journals in economics of $1,372 in 2000 dollars.
When compared to an estimated cost of $117, the publisher's average profit per title is 
Timing
In recent decades, electronic innovations have defused across higher education in ten to twelve years. Digital innovations in libraries and computing innovations averaged 4.8 years from adoption by the first ten percent to adoption by the median adopter, a rate that indicates 10 to 12 years typically elapse from first adoption until general use. [Getz, Siegfried, and Anderson, 1997] In contrast, curricular innovations took 12.4 years to reach the median and about 25 years to reach full diffusion. The 10 to 12 year period to full adoption of digital innovations seems sufficiently quick to allow reasonable returns on investments in new systems. That nearly 12,000 journals became available in digital format in less than a decade confirms that digital tools are often adopted relatively quickly in higher education, once they have proven their value. If open-access journals prove their value, they are likely to achieve full-adoption (whatever that might mean) in a decade.
Experiences
Experience to date is mixed. On the negative side, library costs, especially for journals, continue to grow. The ease of electronic exchange of materials appears to have had little effect on the price of journals. Digital publishing seems, so far, to be primarily a complement to print, increasing total expenditures in libraries. [Schonfeld, 2003] . 39 [JSTOR "Bound Volume," 2002] with 240 libraries responding.
Medicine, "Digitizing,"] It will be interesting to learn whether medical libraries will be willing to discard print files when digital page images with full-text searching is available free.
Cornell's Legal Information Institute compiles public domain statutes, court opinions, regulations, and other legal documents and makes them available without charge. [Martin, 2000] It allows ready searching across disparate kinds of documents and promotes interoperability among court and agency electronic services so that users can pursue an issue seamlessly. The service attracts more than a million requests per day and reaches audiences well beyond the fee-based services from Lexis and West. Interestingly, although legal data in the US is not copyrighted, some courts and agencies avoid making their electronic files readily available for free distribution so that they can barter with the for-profit distributors for special services. One might expect the courts, for example, to promote the widest possible dissemination of their rulings. By failing to share documents in convenient formats, they limit access in order to sustain the commercial services on which they depend. It is ironic that access to court records in North Dakota is better than those in New York. One lesson is that authors may avoid free distribution when commercial distribution offers advantages to the author, regardless of copyright. A second is that building interoperability and the use of common standards allows documents from many sources to work together even when not under common control.
This sharing is probably practical only in a non-proprietary environment.
As mentioned above, some publishers offer new journal titles only in electronic format. Network delivery is sufficiently robust to support good quality digital products. The reduction in cost with significant improvements in the performance of scholarly publishing may be at hand. Indeed the cost of open-access journals by not-for-profit publishers might cut the total cost of publication in half with no change in first copy costs. Digital publications offer more rapid publication cycles and the possibility of better indexing. Open-access also offers the prospect of access to many more readers worldwide with significantly higher citation rates.
Strategy
There appear to be substantial savings on the order of $230M to the 100 US research libraries in substituting quality assured, open-access digital journals published by not-forprofit publishers for the traditional paper. Costs may be borne by authors and their institutions with zero prices to readers. The digital journals have the potential of increasing citation rates dramatically by making journal articles readily available on desktops universally. The expense of editing and other first copy costs could continue at current levels to sustain the quality of the intellectual product. High production values for high quality work will retain their importance. The analysis here is limited to academic journals and does not necessarily apply to publications other than academic journals.
In the extreme, one might contemplate the comprehensive index to a discipline, like those shown in table 2, being tied to a full-text database of all of its articles to allow more sophisticated searches. Indeed, the indices might be redesigned to take account of digital searching. Access to page images and personal printing on demand would be without charge. Publication fees would be the primary method of finance. Such a service might dramatically increase the influence of scholarship around the world by making our best ideas universally available in well crafted, fully evaluated, and nicely presented essays.
An associated database of preprints would allow editors to search for work quickly in unevaluated form in a fashion that would readily feed the editing and production process for publication. Of course, such a service would be a natural monopoly best developed under not-for-profit control with assurances that any surpluses accrue to universities. If well designed and operated within the academic community, this top-of-the-line service might cut the total cost of publishing significantly and dramatically improve its use.
Here are some strategic steps.
Scholars need to be comfortable in having libraries forego print in lieu of digital access.
That JSTOR has not proved sufficiently compelling as to cause many libraries to discard quantities of back files is discouraging.
Open-access journals with high selection and production values need to demonstrate that they are more widely read than print counterparts and generate more citations. well be a significant increase in the use of scholarly materials around the world and outside academia. The dramatic growth in the use of Medline once it became free, the improvements in searching and in the quality of digital display, and the fact that an increasing proportion of adults in the US have college degrees all suggest that use of scholarship may surge when the delivered price to readers drops to zero.
is the average expenditure per serial over all serials, an upper bound on cost absent monopoly rents (profits) for a typical journal.
Most publishers, particularly commercial publishers, do not reveal their costs.
There may be little prospect for improving on the heuristics in the table. 
